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We study the semileptonic decays of Bcc → Bclþνl with the bag model, where l ¼ ðe; μÞ, Bcc ¼
ðΞþþ

cc , Ξþ
cc, Ωþ

cc), and Bc are the singly charmed baryons with JP ¼ 1=2þ. We obtain the decay widths of
ΓðΞþþ

cc →Ξþ
c eþνe;Ξ0þ

c eþνe;Λþ
c eþνe;Ωþ

c eþνeÞ¼ ð5.1�0.1;11�1;0.34�0.06;0.76�0.06Þ×10−14 GeV,
ΓðΞþ

cc → Ξ0
ceþνe;Ξ00

c eþνe;Σ0
ceþνeÞ ¼ ð5.1� 0.6; 11� 1; 1.5� 0.1Þ × 10−14 GeV, and ΓðΩþ

cc→Ω0
ceþνe;

Ξ0
ceþνe;Ξ00

c eþνeÞ¼ð22�2;0.32�0.04;0.77�0.06Þ×10−14 GeV. We also get that ΓðBcc → Bcμ
þνμÞ=

ΓðBcc → BceþνeÞ ¼ 0.97–1.00. In addition, we discuss the SUð3Þ flavor breaking effects, classified
into three aspects: phase space differences, spectator quarks, and overlappings of the transited quarks.
In particular, we show that the breaking effects are dominated by the phase space differences, which can be
as large as 25%. Explicitly, we find that ΓðΞþþ

cc → Λþ
c eþνeÞV2

cs=ΓðΞþþ
cc → Ξþ

c eþνeÞV2
cd ¼ 1.24, which is

expected as 1 under the exact SUð3Þ flavor symmetry.

DOI: 10.1103/PhysRevD.107.053008

I. INTRODUCTION

In 2002, the SELEX Collaboration reported a resonant
structure in Λþ

c K−πþ and pDþK− [1,2], which can
be potentially caused by Ξþ

ccð3620Þ. However, the same
structure was not confirmed by the FOCUS, BABAR, and
BELLE Collaborations [3–5]. Eventually, the long-awaited
evidence finally arrived in 2017 via Ξþþ

cc → Λþ
c K−πþπþ at

LHCb [6], where the mass is determined to be

MΞþþ
cc

¼ ð3621.40� 0.72� 0.27� 0.14Þ MeV: ð1Þ

This encouraging finding was soon accompanied by the
lifetime measurement of Ξþþ

cc [7] as well as the observation
of Ξþþ

cc → Ξþ
c π

þ [8]. One can reasonably expect much
more experimental results in the future, providing oppor-
tunities to deepen our knowledge of hadron physics.
On the theoretical aspect, the low-lying charmed baryons

are categorized by the representations of the flavor SUð3Þ
(SUð3ÞF) symmetry, given in Fig. 1. Under SUð3ÞF, the
doubly charmed baryons (Bcc) form a triplet, while the singly
charmed baryons (Bc) consist of a antitriplet and a sextet.
Their masses and magnetic dipole moments are intensively
studied within the quark models [9–21]. In addition, to deal
with the weak decays, lots of approaches have also been

performed [22–42]. In the diquark approach, two of the three
quarks are grouped as a diquark cluster, simplifying the
problem to a two-body one [12,13,35–37,43]. Nonetheless, it
is unclear which quarks shall form a diquark cluster. On the
other hand, the problem does not exist in the MIT bag model
(MBM), as a diquark cluster is unnecessary.
The MBM describes hadrons at rest as localized objects.

Along with the bag and zero point energies, the model is
suitable to explain the mass spectra. However, it becomes
problematic in the decays due to the unwanted center-of-
mass motion. This problem can be understood by the
Heisenberg uncertainty principle, which states that a
localized object can not possess a definite momentum.
If we treat a bag state as a baryon at rest, the calculations
will not respect the energy-momentum conservation. The
problem was tackled a few years ago by taking the linear
superposition of infinite bags in Ref. [44]. This approach
has been applied to various decay systems [45–49].
This paper is organized as follows. We present the

formalism of the decay branching fractions in terms of
the helicity amplitudes in Sec. II. In Sec. III, we give our
numerical results and compare them with those in the
literature. We summarize this work in Sec. IV.

II. FORMALISM

The effective Hamiltonian for the transitions of
c → flþν (f ¼ d, s) at the quark level is given as

Heff ¼
GFffiffiffi
2

p Vcflγμð1 − γ5Þνlf̄γμð1 − γ5Þc; ð2Þ
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where GF is the Fermi constant, and Vcf corresponds to the Cabibbo-Kobayashi-Maskawa matrix elements. The weak
transition amplitudes of the doubly charmed baryons are then given as

AðBcc → BclþνlÞ ¼
GFffiffiffi
2

p Vcqlγμð1 − γ5ÞνlhBc; pfjf̄γμð1 − γ5ÞcjBcc; pii; ð3Þ

with the baryon matrix elements parametrized by

hBc; pf; λfjf̄γμð1 − γ5ÞcjBcc; pi; λii ¼ ūfðpf; λfÞ
�
γμf1ðq2Þ − iσμν

qν

Mi
f2ðq2Þ þ f3ðq2Þ

qμ
Mi

�
uiðpi; λiÞ

− ūfðpf; λfÞ
�
γμg1ðq2Þ − iσμν

qν

Mi
g2ðq2Þ þ g3ðq2Þ

qμ
Mi

�
γ5uiðpi; λiÞ; ð4Þ

where f123ðq2Þ and g123ðq2Þ are the form factors, σμν ¼ i½γμ; γν�=2, qμ ¼ pμ
i − pμ

f, and λfðiÞ, p
μ
fðiÞ, MfðiÞ and ufðiÞ are the

helicity, four-momentum, mass and Dirac spinor of BcðcÞ, respectively.

In order to calculate the decay widths, we introduce a set of helicity amplitudes HVðAÞ
λfλW

, where λf and λW represent the

helicity quantum numbers of Bc and the off-shell Wþ boson, respectively. Relations between the helicity amplitudes and
form factors are given by [50]

HV
1
2
1
¼

ffiffiffiffiffiffiffiffiffi
2Q−

p �
−f1ðq2Þ −

Mi þMf

Mi
f2ðq2Þ

�
;

HV
1
2
0
¼

ffiffiffiffiffiffiffi
Q−

p
q2

�
ðMi þMfÞf1ðq2Þ þ

q2

Mi
f2ðq2Þ

�
;

HV
1
2
t
¼

ffiffiffiffiffiffiffi
Qþ

p
q2

�
ðMi −MfÞf1ðq2Þ þ

q2

Mi
f3ðq2Þ

�
;

HA
1
2
1
¼ ffiffiffiffiffiffiffiffiffi

2Qþ
p �

g1ðq2Þ −
Mi −Mf

Mi
g2ðq2Þ

�
;

HA
1
2
0
¼

ffiffiffiffiffiffiffi
Qþ

p
q2

�
−ðMi −MfÞg1ðq2Þ þ

q2

Mi
g2ðq2Þ

�
;

HA
1
2
t
¼

ffiffiffiffiffiffiffi
Q−

p
q2

�
−ðMi þMfÞg1ðq2Þ þ

q2

Mi
g3ðq2Þ

�
; ð5Þ

FIG. 1. Quark states of the charmed baryons, where (a) represents an SUð3ÞF triplet with the doubly charmed baryons, while (b) and
(c) correspond to the SUð3ÞF antitriplet and sextet with the singly charmed baryons, respectively.
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where Q� ¼ ðMi �MfÞ2 − q2 and HVðAÞ
λfλW

¼ ð−ÞHVðAÞ
−λf−λW . The differential decay widths are given in terms of the helicity

amplitudes as [50–52]

∂qΓ ¼ ∂Γ
∂q2

¼ 1

3

G2
F

ð2πÞ3 jVfcj2
ðq2 −m2

lÞ2p
8M2

i q
2

��
1þ m2

l

2q2

��
jH1

2
1j2 þ jH−1

2
−1j2 þ jH1

2
0j2 þ jH−1

2
0j2

�
þ 3m2

l

2q2

�
jH1

2
tj2 þ jH−1

2
tj2
��

;

ð6Þ

where p ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
QþQ−

p
=2MBi

, HλfλW ¼ HV
λfλW

−HA
λfλW

and ml is the lepton mass.

In this work, we evaluate the form factors with the homogeneous bag model (HBM) [49]. The baryon wave functions
of Bcc are given as

jBcc;↕i ¼
Z

1

2
ffiffiffi
3

p ϵαβγq0†aαðx⃗1Þc†bβðx⃗2Þc†cγðx⃗3ÞΨabc
A↕ðuccÞðx⃗1; x⃗2; x⃗3Þ½d3x⃗�j0i; ð7Þ

where q0 ¼ ðu; d; sÞ for Bcc ¼ ðΞþþ
cc ;Ξþ

cc;Ωþ
ccÞ, q0† and c† represent the creation operators of quarks, the Latin and Greek

letters stand for the Dirac spinor and color indices, and ΨA are the spatial wave functions defined in Refs. [47–49],
respectively. On the other hand, the wave functions of Bc can be found in Ref. [47].
We choose the Breit frame to calculate the baryon matrix elements, where Bc and Bcc have the opposite velocities v⃗ ¼ vẑ

and −v⃗. The baryon matrix elements of the current operators are then governed by

hBcðv⃗Þ; λfjf†ϒcð0ÞjBccð−v⃗Þ; λii ¼ N Bc
N Bcc

Z
d3x⃗△ϒ

λfλi
fc ðx⃗ΔÞ

Y
q¼c;q0

Dv
qðx⃗△Þ;

Dv
qðx⃗△Þ ¼

1

γ

Z
d3x⃗ϕ†

q

�
x⃗þ 1

2
x⃗△

�
ϕq

�
x⃗ −

1

2
x⃗△

�
e−2iEqvz;

ϒ
λfλi
fc ðx⃗△Þ ¼

X
λqλc

N
λfλi
λqλc

Z
d3x⃗ϕ†

fλq
ðx⃗þÞSv⃗ϒS−v⃗ϕcλcðx⃗−Þe2iðEq0þEcÞv⃗·x⃗; ð8Þ

where N Bc;Bcc
are the normalization constants, ϒ is an

arbitrary Dirac matrix, x⃗� ¼ x⃗� x⃗△=2, ϕq are the bag
wave functions in the MBM, S�v ¼ aþ � a−γ0γ3 with
a� ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� γ2

p
and γ ¼ 1=

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − v2

p
, and λq;c ∈ f↑;↓g.

The derivations of Eq. (8) and the explicit forms of ϕq

are given in Ref. [49]. The first line of Eq. (8) is the
total overlapping between Bcc and Bc induced by f†ϒcð0Þ
at the quark level, while the second and third terms are
interpreted as

(i) The spectator quark effects are governed by Dv
qðx⃗ΔÞ,

which describe the overlapping of q in two bag states
separated by x⃗Δ.

(ii) The quark transitions are described by ϒ
λfλi
fc , where

N
λf;λi
λq;λc

are the spin-flavor overlapping coefficients.

In the heavy constituent quark limit ðmu;d;c → ∞Þ, the
formalism is reduced to

hBcðv⃗Þ;↑jf†cð0ÞjBccð−v⃗Þ;↑i ¼
X
λqλc

N↑↑
λqλc

;

hBcðv⃗Þ;↑jf†γ0γ1γ5cð0ÞjBccð−v⃗Þ;↓i ¼
X
λqλc

N↑↓
λqλc

: ð9Þ

From the angular momentum conservation, we have that

N
λfλi
λqλc

¼ 0 for λf − λi ≠ λc − λq: ð10Þ
It states that if the baryon spin is (un)flipped by the operator,
then the spin of the quark shall also be (un)flipped. In
addition, by the Wiger-Eckart theorem, we find that

N↑↑
λqλc

¼ N↓↓
−λq−λc ; N↑↑

↑↑ − N↑↑
↓↓ ¼ N↓↑

↓↑ ¼ N↑↓
↑↓: ð11Þ

Consequently, there are only two independent numbers
given as

Nunflip ≡ N↑↑
↑↑ þ N↑↑

↓↓; Nflip ≡ N↓↑
↓↑; ð12Þ

which are collected in Table I.

TABLE I. The spin-flavor overlappings of Bcc → Bc.

c → s Nunflip Nflip c → d Nunflip Nflip

Ξþþ
cc → Ξþ

c
ffiffi
6

p
2

ffiffi
6

p
6

Ξþþ
cc → Λþ

c
ffiffi
6

p
2

ffiffi
6

p
6

Ξþ
cc → Ξ0

c
ffiffi
6

p
2

ffiffi
6

p
6

Ωþ
cc → Ξ0

c
ffiffi
6

p
2

ffiffi
6

p
6

Ξþþ
cc → Ξ0þ

c −
ffiffi
2

p
2

− 5
ffiffi
2

p
6

Ξþþ
cc → Σþ

c −
ffiffi
2

p
2

− 5
ffiffi
2

p
6

Ξþ
cc → Ξ00

c −
ffiffi
2

p
2

− 5
ffiffi
2

p
6

Ωþ
cc → Ξ00

c −
ffiffi
2

p
2

− 5
ffiffi
2

p
6

Ωþ
cc → Ω0

c −1 − 5
3

Ξþ
cc → Σ0

c −1 − 5
3
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III. NUMERICAL RESULTS

The values of Vcf are given by [53]

jVcsj ¼ 0.987� 0.011; jVcdj ¼ 0.221� 0.004; ð13Þ

while the model parameters are taken as [49]

R ¼ 4.7� 0.3 GeV−1; mc ¼ 1.655 GeV;

mu;d ¼ 0; ms ¼ 0.2� 0.1 GeV: ð14Þ

Notice that Bcc and Bc have different bag radii, found to be
around 4.4 and 5.0 GeV−1, respectively [54]. However, to
simplify the formalism, we take their bag radii as equal and
allow them to vary from 4.4 to 5.0 GeV−1.
To illustrate the recoil effects of the form factors, we plot

those of Ωþ
cc → Ωc in Fig. 2. We define

ω≡M2
i þM2

f − q2

2MiMf
¼ 1þ v2

1 − v2
; ð15Þ

so that the zero recoil point ðq2 ¼ q2max ¼ ðMi −MfÞ2Þ
corresponds to ω ¼ 1 for all the decays. As shown in
the figures, f3 and g2 can be taken as zero practically.
The uncertainties of f1 and g1 are negligible at the low q2

regions, and around 10% at ω ¼ 1.06. As a result, at ω ¼ 1,
f1 and g1 are not polluted by the uncertainties of the quark
energies. However, the uncertainties of f2 and g3 are large
in all regions.
The form factors of Ξþþ

cc → Bc at q2 ¼ 0, along with
those in the literature, are given in Table II. For com-
pleteness, we also show all our calculated values of the
form factors for Ξþþ

cc → Bc with the HBM in Table III.
Note that the form factors of Ξþþ

cc → Ξþ
c and Ξþ

cc → Ξ0
c are

the same due to the isospin symmetry. Compared to those
in the literature, our form factors of Ξþþ

cc → Λþ
c have an

overall minus sign due to the convention on the baryon
wave functions, which does not affect the physical
quantities. Note that our results of the form factors at
q2 ¼ 0 are significantly smaller than those in other
approaches.
In Figs. 3(a) and 3(b), we compare the form factors of

Ξþþ
cc → Ξþ

c and Ξþþ
cc → Λþ

c , corresponding to c → s and
c → d transitions, respectively. These form factors shall be
identical in the limit of the SUð3ÞF symmetry. The figures
show that for a fixed value of ω, the form factors are

FIG. 2. The form factors of Ωþ
cc → Ωc as functions of ω, where the center lines and bands correspond to the central values and

uncertainties, respectively.

TABLE II. The form factors of Ξþþ
cc calculated in the HBM,

light-front quark model (LFQM), and QCD sum rule (QCDSR)
at q2 ¼ 0.

HBM
(This work)

LFQM
[26,42]

QCDSR
[39,40,42]

fΞ
þþ
cc →Λþ

c
1

0.28� 0.05 −0.79 −0.59� 0.05

fΞ
þþ
cc →Λþ

c
2

−0.01� 0.01 0.008 0.039� 0.024

fΞ
þþ
cc →Λþ

c
3

−0.16� 0.02 � � � 0.35� 0.11

gΞ
þþ
cc →Λþ

c
1

0.09� 0.02 −0.22 −0.13� 0.08

gΞ
þþ
cc →Λþ

c
2

0.01� 0.00 0.05 0.037� 0.027

gΞ
þþ
cc →Λþ

c
3

−0.21� 0.02 � � � 0.31� 0.09

fΞ
þþ
cc →Σþ

c
1

−0.24� 0.01 −0.47 −0.35� 0.04

fΞ
þþ
cc →Σþ

c
2

−0.53� 0.05 1.04 1.15� 0.12

fΞ
þþ
cc →Σþ

c
3

0.03� 0.00 � � � −1.40� 0.39

gΞ
þþ
cc →Σþ

c
1

−0.37� 0.05 −0.62 −0.23� 0.06

gΞ
þþ
cc →Σþ

c
2

−0.05� 0.00 0.05 −0.26� 0.15

gΞ
þþ
cc →Σþ

c
3

0.89� 0.06 � � � 2.68� 0.39
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approximately the same. Explicitly, their values deviate by
less than 13%. However, the phase space of the c → s
transition is about 30% smaller than the one of c → d. As
shown in the figures, the form factors of Ξþþ

cc → Ξþ
c with

ω > 1.07 are missing as they correspond to the region
of q2 < 0.
On the other hand, to examine the spectator effects, we

plot the results of Ξþþ
cc → Σþ

c and Ωþ
cc → Ξ0

c in Figs. 3(c)
and 3(d), corresponding to the c → d transition with ðc; uÞ
and ðc; sÞ as the spectator quarks, respectively. We find that
the form factors deviate less than 11% between the two
types of transition. We conclude that the form factors well
respect the SUð3ÞF symmetry if one uses the variables of ω
instead of q2.
The total decay widths of Γ are computed by integrating

Eq. (6). To further examine the results, we decompose the
decay widths into four fragments, given by

P1 ¼
1

Γ

Z
1
4
q2max

m2
e

∂qΓdq2; P2 ¼
1

Γ

Z
1
2
q2max

1
4
q2max

∂qΓdq2;

P3 ¼
1

Γ

Z
3
4
q2max

1
2
q2max

∂qΓdq2; P4 ¼
1

Γ

Z
q2max

3
4
q2max

∂qΓdq2; ð16Þ

with their values listed in Table IV, respectively. The
uncertainties of Pi are tiny compared to the total branching
fractions due to the correlations. In addition, we find that
except for Ξþþ

cc → Ξþ
c eþνe, the values of P1 are the smallest

among the fragments. In contrast to the others, the decay
width of Ξþþ

cc → Ξþ
c eþνe distributes smoothly among the

four regions.
In Fig. 4, we plot the differential decay widths. In the

high q2 areas, the uncertainties are minor since f1 and g1
have few errors, as explained at the beginning of this
section. We see that ∂qΓðΞþþ

cc → Ξþ
c eþνeÞ is much

TABLE III. The form factors from the HBM with Ξð0Þ
c ¼ ðΞð0Þþ

c ;Ξð0Þ0
c Þ for Ξcc ¼ ðΞþþ

cc ;Ξþ
ccÞ.

q2 ¼ 0 q2 ¼ q2max q2 ¼ 0 q2 ¼ q2max

fΞcc→Ξc
1

0.45� 0.05 1.36� 0.00 gΞcc→Ξc
1

0.14� 0.02 0.38� 0.00

fΞcc→Ξc
2

−0.03� 0.00 −0.15� 0.01 gΞcc→Ξc
2

0.01� 0.00 0.03� 0.01

fΞcc→Ξc
3

−0.20� 0.04 −0.56� 0.03 gΞcc→Ξc
3

−0.28� 0.04 −0.79� 0.02

fΞcc→Ξ0
c

1
−0.31� 0.03 −0.70� 0.00 gΞcc→Ξ0

c
1

−0.49� 0.04 −1.10� 0.01

fΞcc→Ξ0þ
c

2
−0.63� 0.07 −1.48� 0.02 gΞcc→Ξ0

c
2

−0.06� 0.02 −0.13� 0.02

fΞcc→Ξ0þ
c

3
0.03� 0.01 0.06� 0.02 gΞcc→Ξ0

c
3

1.00� 0.12 2.31� 0.05

fΩ
þ
cc→Ω0

c
1

−0.48� 0.04 −0.99� 0.00 gΩ
þ
cc→Ω0

c
1

−0.69� 0.06 −1.56� 0.02

fΩ
þ
cc→Ω0

c
2

−0.93� 0.10 −2.17� 0.03 gΩ
þ
cc→Ω0

c
2

−0.09� 0.02 −0.20� 0.04

fΩ
þ
cc→Ω0

c
3

0.05� 0.02 0.11� 0.02 gΩ
þ
cc→Ω0

c
3

1.52� 0.18 3.51� 0.08

fΞ
þþ
cc →Λþ

c
1

0.28� 0.05 1.42� 0.02 gΞ
þþ
cc →Λþ

c
1

0.09� 0.02 0.37� 0.00

fΞ
þþ
cc →Λþ

c
2

−0.01� 0.01 −0.16� 0.01 gΞ
þþ
cc →Λþ

c
2

0.01� 0.00 0.02� 0.01

fΞ
þþ
cc →Λþ

c
3

−0.16� 0.02 −0.73� 0.06 gΞ
þþ
cc →Λþ

c
3

−0.21� 0.02 −0.91� 0.05

fΩ
þ
cc→Ξ0

c
1

0.33� 0.05 1.41� 0.02 gΩ
þ
cc→Ξ0

c
1

0.10� 0.02 0.37� 0.00

fΩ
þ
cc→Ξ0

c
2

−0.01� 0.01 −0.11� 0.02 gΩ
þ
cc→Ξ0

c
2

0.01� 0.00 0.04� 0.01

fΩ
þ
cc→Ξ0

c
3

−0.20� 0.02 −0.75� 0.06 gΩ
þ
cc→Ξ0

c
3

−0.26� 0.03 −0.99� 0.06

fΞ
þþ
cc →Σþ

c
1

−0.24� 0.01 −0.70� 0.00 gΞ
þþ
cc →Σþ

c
1

−0.37� 0.05 −1.08� 0.01

fΞ
þþ
cc →Σþ

c
2

−0.53� 0.05 −1.65� 0.7 gΞ
þþ
cc →Σþ

c
2

−0.05� 0.00 −0.16� 0.03

fΞ
þþ
cc →Σþ

c
3

0.03� 0.00 0.09� 0.02 gΞ
þþ
cc →Σþ

c
3

0.89� 0.06 2.71� 0.16

fΩ
þ
cc→Ξ00

c
1

−0.24� 0.03 −0.70� 0.01 gΩ
þ
cc→Ξ00

c
1

−0.37� 0.05 −1.08� 0.01

fΩ
þ
cc→Ξ00

c
2

−0.56� 0.05 −1.71� 0.07 gΩ
þ
cc→Ξ00

c
2

−0.06� 0.00 −0.17� 0.03

fΩ
þ
cc→Ξ00

c
3

0.04� 0.00 0.11� 0.02 gΩ
þ
cc→Ξ00

c
3

0.97� 0.07 2.92� 0.18

fΞ
þ
cc→Σ0

c
1

−0.38� 0.05 −0.95� 0.03 gΞ
þ
cc→Σ0

c
1

−0.52� 0.07 −1.47� 0.05

fΞ
þ
cc→Σ0

c
2

−0.75� 0.07 −2.23� 0.00 gΞ
þ
cc→Σ0

c
2

−0.07� 0.00 −0.21� 0.03

fΞ
þ
cc→Σ0

c
3

0.05� 0.01 0.12� 0.03 gΞ
þ
cc→Σ0

c
3

1.26� 0.09 3.67� 0.07
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smoother than the others. To see the underlying reason, we
define the parity conserving and violating partial decay
widths as

PC≡∂qΓðgi¼0Þ; PV≡∂qΓðfi¼0Þ; ∂qΓ¼PCþPV;

ð17Þ

where in PCðVÞ we take g1;2;3ðf1;2;3Þ as zero, corresponding
to the parity conserving (violating) parts of the decay

widths. We show PC;VðΞþþ
cc → Ξð0Þþ

c Þ in Fig. 5.
We see that PC;V have very different behaviors. On the

one hand, PC contribute to Γ mostly in the low q2 regions,
and their values decrease quickly as q2 goes up. On the
other hand, PV behave oppositely. In Ξþ

cc → Ξþ
c eþνe, the

FIG. 3. The ω dependencies of the Bcc → Bc form factors.

TABLE IV. The total and fragmentary decay widths.

Channels Γ × 1014 GeV−1 P1 P2 P3 P4

Ξþþ
cc → Ξþ

c eþνe 5.11� 0.64 0.25� 0.02 0.29� 0.01 0.29� 0.01 0.17� 0.02
Ξþþ
cc → Ξ0þ

c eþνe 10.9� 0.8 0.14� 0.01 0.24� 0.01 0.33� 0.00 0.29� 0.02
Ωþ

cc → Ω0
ceþνe 22.1� 1.6 0.14� 0.01 0.24� 0.01 0.33� 0.00 0.29� 0.02

Ξþþ
cc → Λþ

c eþνe 0.34� 0.06 0.17� 0.03 0.26� 0.01 0.32� 0.00 0.24� 0.04
Ξþþ
cc → Σþ

c eþνe 0.76� 0.06 0.12� 0.02 0.21� 0.01 0.34� 0.00 0.34� 0.03
Ξþ
cc → Σ0

ceþνe 1.52� 0.12 0.12� 0.02 0.21� 0.02 0.34� 0.00 0.34� 0.03
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net result is that the tendencies of PC;V smear out each other
in ∂qΓ. In contrast, the behavior of ∂qΓ is dominated by PV

in Ξþþ
cc → Ξ0þ

c eþve. The sharp difference can be traced
back to the spin-flavor overlappings, where we approx-
imately have PC ∝ N2

unflip and PV ∝ N2
flip. From Table I, we

see that ðNflip=NunflipÞ2 are 1=9 and 100=36 for Ξþþ
cc → Ξþ

c

and Ξþþ
cc → Ξ0þ

c , respectively, which explains the opposite
behaviors.

To test the lepton universality in the future experiments,
we provide the ratios of

R ¼ ΓðBcc → Bcμ
þvμÞ=ΓðBcc → BceþveÞ

in Table V. Their values are close to but below 1. Clearly, if
R > 1 in the future experiment, it will be a signal of new
physics.

FIG. 4. The partial decay widths for Bcc → Bceþνe, where the dashed lines and band widths are the center values and uncertainties,
while (a),(b),(c) and (d),(e),(f) correspond to the c → s and c → d transitions, respectively.
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To eliminate the uncertainties caused by Vcf, by defining

GBcc
Bc

¼ 1

jVcfj2
ΓðBcc → BceþνeÞ; ð18Þ

we find that

GΞþþ
cc

Ξþ
c
∶ GΞþ

cc

Ξ0
c
∶GΞþþ

cc

Λþ
c
∶GΩþ

cc

Ξ0
c
¼ 1∶0.99∶1.24∶1.17;

GΞþþ
cc

Ξ0þ
c
∶ GΞþ

cc

Ξ00
c
∶
1

2
GΩþ

cc

Ω0
c
∶GΞþþ

cc

Σþ
c
∶GΩþ

cc

Ξ00
c
∶
1

2
GΞþ

cc

Σ0
c

¼ 1∶0.99∶1.01∶1.30∶1.32∶1.31; ð19Þ
which are all expected to be 1 in the exact SUð3ÞF
symmetry. As mentioned in the discussions of the form

factors early, the main SUð3ÞF breaking effects come from
the phase space difference. For instance, from Fig. 4, the
phase space of Ξþþ

cc → Λþ
c is 1.3 times larger than the one

of Ξþþ
cc → Ξþ

c , which partly explains the ratios in Eq. (19).
The computed decay widths, along with those in the

literature, are shown in Table VI, where Ref. [22] computes
the form factors by the MBM, Ref. [23] analyzes the decays
with the heavy quark spin symmetry (HQSS), Refs. [26,41]
adopt the LFQM with different sets of the parameter input,
and Ref. [42] calculates the decay widths by the QCDSR.

The decay width of Ξþþ
cc → Ξð0Þþ

c eþνe is slightly larger than
the one of Ξþ

cc → Ξð0Þ0
c eþνe as MΞþþ

cc
is 2 MeV larger

thanMΞþ
cc
. For the c → s transition, our results of the decay

widths are well consistent with the ones of the HQSS but
systematically lower than those in the LFQM [41]
and MBM [22] by a factor of 1.5. We note that in the
MBM [22], the q2 dependencies of the form factors are put
in by hand and independent of the spectator quarks. For
instance, the q2 dependencies of Λc → Λ and Ξþþ

cc → Ξþ
c

are taken to be the same in the MBM [22]. However, we
emphasize that the spectator effects of the charm quark and
others are very different, as shown explicitly in Dv

q of
Eq. (8). The exponential factor of expð−2iEcvzÞ deviates

FIG. 5. The partial decay widths of PC and PC for Ξþþ
cc → Ξð0Þþ

c eþνe.

TABLE V. The ratios R.

c → s R c → d R

Ξþþ
cc → Ξþ

c 0.99 Ξþþ
cc → Λþ

c 1.00
Ξþ
cc → Ξ0

c 0.99 Ωþ
cc → Ξ0

c 1.00
Ξþþ
cc → Ξ0þ

c 0.97 Ξþþ
cc → Σþ

c 0.97
Ξþ
cc → Ξ00

c 0.97 Ωþ
cc → Ξ00

c 0.97
Ωþ

cc → Ω0
c 0.97 Ξþ

cc → Σ0
c 0.97

TABLE VI. The decay widths in units of 10−14 GeV along with the ones in the literature.

Bcc → Bceþνe This work MBM [22] HQSS [23] LFQM [26] LFQM [41] QCDSR [42]

Ξþþ
cc → Ξþ

c eþνe 5.11� 0.64 7.36 5.78 11.50 8.74 7.72� 3.70
Ξþ
cc → Ξ0

ceþνe 5.08� 0.64 7.36 5.73 11.40 8.63 7.72� 3.70
Ξþþ
cc → Ξ0þ

c eþνe 10.92� 0.81 17.56 9.64 12.80 14.30 5.31� 3.52
Ξþ
cc → Ξ00

c eþνe 10.85� 0.81 13.02 9.57 12.70 14.10 5.31� 3.52
Ωþ

cc → Ω0
ceþνe 22.09� 1.63 26.76 18.61 25.50 28.00 12.50� 8.02

Ξþþ
cc → Λþ

c eþνe 0.34� 0.06 0.46 0.32 1.05 0.80 0.76� 0.37
Ωþ

cc → Ξ0
ceþνe 0.32� 0.04 0.46 0.27 0.81 0.59 0.61� 0.28

Ξþþ
cc → Σþ

c eþνe 0.76� 0.06 0.78 0.52 0.96 1.09 0.49� 0.29
Ωþ

cc → Ξ00
c eþνe 0.77� 0.06 0.91 0.49 0.93 1.03 0.56� 0.35

Ξþ
cc → Σ0

ceþνe 1.52� 0.12 1.50 1.04 1.91 2.17 0.99� 0.58
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largely to those of expð−2iEu;d;svzÞ. In particular, we find
that it suppresses the decay widths by more than 40%,
which causes the deviations between the results of the
MBM and ours.

IV. CONCLUSION

We have studied the semileptonic decays of the doubly
charmed baryons. Explicitly, we have found that ΓðΞþþ

cc →
Ξþ
c eþνe;Ξ0þ

c eþνe;Λþ
c eþνe;Ωþ

c eþνeÞ ¼ ð5.1� 0.1; 11� 1;
0.34� 0.06; 0.76� 0.06Þ× 10−14 GeV, ΓðΞþ

cc→Ξ0
ceþνe;

Ξ00
c eþνe;Σ0

ceþνeÞ¼ð5.1�0.6;11�1;1.5�0.1Þ×10−14GeV,
and ΓðΩþ

cc →Ω0
ceþνe;Ξ0

ceþνe;Ξ00
c eþνeÞ ¼ ð22� 2;0.32�

0.04;0.77� 0.06Þ× 10−14 GeV. We have discussed the
SUð3ÞF breaking effects regarding the aspects of (i) the
phase spaces differences, (ii) the spectator quark effects,
and (iii) the overlappings of the transited quarks. We have
shown that the other breaking effects are negligible
compared to the phase space differences. In particular,
the form factors well respect the SUð3ÞF relations

using ω as the variables. In addition, we have obtained
that ΓðΞþþ

cc →Λþ
c eþνeÞV2

cs=ΓðΞþþ
cc →Ξþ

c eþνeÞV2
cd¼1.24,

which is expected to be 1 under the exact SUð3ÞF
symmetry.
The behaviors of the parity violating and conserving

partial decay widths have been examined. Accordingly,
we have demonstrated that the partial decay width of
Ξþþ
cc → Ξþ

c eþνe is smoother than others, which can be
testified in future experiments. We have also shown that the
spectator effects of the charm quark suppress the decay
widths by 40% and shall not be taken to be the same as the
other quarks.
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